Nonalcoholic fatty liver disease (NAFLD) and occupational stress have been recognized as major public health concerns. We aimed to explore whether occupational stress was associated with NAFLD in a police population.
Introduction
Nonalcoholic fatty liver disease (NAFLD) has been a major public health issue and gained increasing attention in both clinical studies and as a research-focus due to its potential effects on individual health over the past several years. [1] The prevalence of NAFLD, in the Chinese general population, is reported to be 20% (6.3-27.0%), which is increasing with a rapid increase in obesity and other metabolic syndromes (MetS). [2] [3] [4] As far as we know, NAFLD, which is characterized by an increased accumulation of fat in the liver without excessive alcohol consumption, represents a wide spectrum of diseases ranging from simple steatosis to nonalcoholic steatohepatitis (NASH) or cirrhosis. [2] Several large population studies have reported that NAFLD is closely associated with increased rates of mood disorders and stress. [5, 6] The lifetime prevalence of major depressive disorder and generalized anxiety disorder were higher in patients with NASH than in control subjects (63.8% vs 33.3%) after matching for covariates. [6] Moreover, occupational stress is becoming a major working-mental health issue that could lead to less cooperation, low productivity, regular absenteeism, and poor quality of life. [7] Previous studies indicate that policing is one of the most stressful occupations, and high work stress is associated with MetS in police officers. [8, 9] However, little is known about the relationship between occupational stress and NAFLD, especially in Chinese police officers, who play a pivotal role in modern society and have relatively high stress due to exposure to potential violence and life-threatening events in the daily workplaces. [9] Current estimates suggest that occupational stress can be evaluated using various questionnaires. [10] The Occupational Stress Inventory-Revised (OSI-R) questionnaire, which is confirmed to have a good reliability and validity in different occupational populations, has been widely used to assess the degree of occupational stress, and to analyze the relationship between occupational stress and healthy disorders. [11] Thus, our study was established to examine the relationship between occupational stress based on OSI-R scores and the incidence of NAFLD in a police cohort in Tianjin, China.
Methods

Study population
All the subjects in our study were recruited in April 2007 at the Medical Center of Police Hospital in Tianjin, China, where medical examinations are provided to both working and retired policemen every year. [9, 11] A total of 6559 male police officers (aged 20-60 years) participated in the study; they received free health examinations, and completed the OSI-R questionnaire and interviewer-administered questionnaires. Among them, 4192 participants were excluded based on the following criteria: 408 did not complete the OSI-R and self-designed questionnaires at baseline; 295 had missing ultrasound scanning data; 981 had a history of or concurrent alcohol abuse (more than 30 g/d for males) [12] ; 362 were using steatohepatitis medication; 2146 had been diagnosed with NAFLD, chronic hepatitis B or C, autoimmune hepatitis or other liver diseases at the beginning of the study. Ultimately, the other 2367 subjects agreed to be followed up with dynamic observations each year from 2008 to 2011 (see Fig. 1 for a subject flowchart).
This survey protocol was approved by the ethics committee of Tianjin Medical University (Tianjin, China) and the Tianjin Public Health Bureau (Tianjin, China). We received written consent from all the participants at baseline.
Clinical and laboratory assays
All the subjects underwent clinical and laboratory assays that included anthropometric measurements, abdominal ultrasonographic scanning, and biochemical measurements.
The anthropometric measurements included height, weight, waist circumference, hip circumference, and blood pressure (BP). BP was measured 3 times with an Electronic Sphygmomanometer (XW-200, made in Shenzhen, China) after 5 min of rest, and we calculated the average. [9] Ultrasonic scanning was performed in all the participants by an experienced radiologist in a double-blinded fashion. Fasting blood samples were obtained via venipuncture by well-trained clinical nurses from 8 am until noon, and were sent to a laboratory in police hospital <60 min after collection. [11] Biochemical values including alanine aminotransferase (ALT), total cholesterol (TC), triglycerides (TG), high-and low-density lipoprotein cholesterol (H/ LDL-C), and fasting plasma glucose (FPG) were tested using an Automatic Biochemical Analyzer (TBA-120FR, Toshiba Corp, made in Shanghai, China) with standard laboratory procedures. [9] 2.3. Measurement of occupational stress
Occupational stress was measured with the Chinese version of the OSI-R, which is a self-report questionnaire and a psychometrically validated stress instrument that includes 3 individual scales: the Occupational Roles Questionnaire (ORQ), Personal Strain Questionnaire (PSQ), and Personal Resources Questionnaire (PRQ). [13] To provide individual levels, the OSI-R scores were transformed into standard T scores. Then, we divided our sample into 4 groups according to T scores: low stress and strain (40; LOS/LPS), normal stress and strain (40-59; NOS/NPS), moderate stress and strain (60-69; MOS/MPS), and high stress and strain (≥70; HOS/HPS) for ORQ and PSQ; and significant deficits in coping resources (<30; SDCR), moderate lack of coping resources (30-39; MLCR), average coping resources (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) (53) (54) (55) (56) (57) (58) (59) , and high coping resources (≥60; HCR) for PRQ. [13] In particular, the OSI-R questionnaire used in the present study was confirmed to have good reliability and internal consistency for Chinese policemen (Cronbach alpha: OSI-R = 0.883, ORQ = 0.908, PSQ = 0.934, and PRQ = 0.909). [11] 
Diagnosis of NAFLD
The standard criteria for the diagnosis of NAFLD were based on the ordinance issued by the Fatty Liver Disease Study Group of the Chinese Liver Disease Association [14] : exclusion of other liver diseases, such as alcohol or drug-induced liver diseases, autoimmune or viral hepatitis, metabolic liver disease, and genetic liver disease [1] ; laboratory tests: elevated ALT (>29 IU/ L) [15] ; and abdominal ultrasonic examinations: increased hepatic echogenicity compared with the spleen and kidneys, blurring of liver vasculature, and deep attenuation of ultrasonographic signals through the right hepatic lobe.
Measurements of covariates
Thorough socioeconomic and demographic variables were collected based on interviewer-administered questionnaires. Those characteristics included age (<45, 45-54, or ≥55), body mass index (BMI; <18.5, 18.5-24.99, 25-29.99, or ≥30), [16] marital status (married or other), educational level (lower than college or college and above), office work, working strength (8 or >8 h), smoking status (nonsmoker, current smoker, or former smoker), alcohol status (nondrinker, current drinker, or former drinker), physical exercise (never or seldom, occasionally, often, or every day), and MetS-related factors (central obesity; hypertension; elevated TG; reduced HDL-C, or raised FPG). Among them, BMI was calculated as body weight (in kilograms) divided by the square of body height (in square meters). [16] MetS was diagnosed using the New International Diabetes Federation worldwide definition. [17] The criteria were central obesity (waist circumference ≥ 90 cm in males) plus at least 2 of the 4 following factors: 
Statistical analysis
Mann-Whitney U test was conducted for continuous variables, and a Chi-squared test for categorical variables, which were reported as means ± standard deviations (SD) or frequencies, to compare the differences between subjects with and without NAFLD. Univariate Cox-proportional hazards regression analysis was performed to identify risk factors related to NAFLD. Coxproportional hazards regression models were applied to explore predictors for the development of NAFLD before and after adjusting for covariates, such as age, BMI, marital status, office work, working strength, educational level, smoking status, alcohol intake, physical exercise, police assignments, central obesity, raised BP, elevated TG, reduced HDL-C, and raised FPG and MetS. Meanwhile, Kaplan-Meier survival curve and the logrank test were conducted to compare cumulative survival rate on different police assignments. All the statistical analyses were performed using SPSS 19.0 software (IBM, Chicago, IL). A 2-tailed P < 0.05 was considered statistically significant. For multiple comparisons, the adjusted P value based on Bonferroni method was considered credible for estimating statistically significant.
Results
Baseline characteristics of the cohort population and comparison between NAFLD nononset and new-onset groups
The final study included 2367 subjects with a mean age of 36. Compared to the nononset subjects, those new-onsets had higher ORQ and PSQ scores; higher waist and hip circumferences; and higher levels of BMI, ALT, TG, and HDL-C. Categorical variables including office work, police assignments, central obesity; hypertension; elevated TG; and reduced HDL-C and MetS were significantly different between the groups, whereas no significant difference was noted in terms of age, TC, LDL-C, marital status, educational level, working strength, current smoking status, current alcohol intake, physical exercise, and raised FPG or PRQ scores (Table 1) .
Association between occupational stress and NAFLD in all police officers
Before adding occupational stress to the model, we primarily found that age, BMI, police assignments, central obesity; hypertension; elevated TG; and reduced HDL-C and MetS were predictive for the occurrence of NAFLD ( Table 2) .
The results of the Cox-proportional hazards regression also indicated that, before and after adjusting for traditional risk factors, MOS, HOS, and HPS were risk factors for NAFLD (Table 3 ).
3.3. Association between occupational stress and NAFLD in traffic police officers Figure 2 indicates that the incidence of NAFLD in traffic police was significantly higher than in other police. After adjusting for traditional risk factors in the subgroup of traffic police, Table 4 shows that HOS and HPS were still risk factors (HOS: HR = 1.895, 95% CI = 1.363-2.633; HPS: HR = 3.334, 95% CI = 1.012-9.985) and LOS was still a protective factor (with lower HR: 0.138) for NAFLD. We also observed that MLCR (HR = 0.601) and HCR (HR = 0.163), which were not significant in the 
Discussion
To the best of our knowledge, NAFLD has been considered to be a main cause of chronic liver disease in both developed and developing countries, affected about 30% of the general population. [1, 3] In the developed countries, like North America, Japan, Northern and Southern Europe, South America, Australia, and the Middle East, the prevalence of NAFLD varies from 20% to 46%. [18] Partly because of different dietary habits and body composition differences in fat and muscle, the prevalence of NAFLD in the Asian countries is 20% in China; 27% in Hong Kong; and ranges from 15% to 45% in South Asia, South-East Asia, Korea, and Taiwan. [1] In our present study, approximately one-third (31.2%) of the participants developed new NAFLD during the follow-up. HOS and HPS were independent predictors for the development of NAFLD in a Chinese police population. However, given that NAFLD is often asymptomatic, [1] limited studies have investigated the association between NAFLD and occupational stress.
Although several published studies have reported that depression and anxiety is associated with NAFLD, controversy remains about the relationship between depression and NAFLD. On one hand, a 2011 study with a small sample size demonstrated no clear relationship between NAFLD and depression. [19] Lee et al [20] found that depression did not independently influence the incidence of NAFLD at the population level after controlling for covariates. On the other hand, a case-control study demonstrated that depression and anxiety could impact the severity and progression of NASH. [6] Similarly, a population-based study showed a higher rate of depression in patients with NAFLD (27.2%) than in patients with chronic hepatitis B (3.7%). [5] At the same time, compared to both a healthy population and patients with hepatitis B or C, a lower quality of life was found in patients with NAFLD. [21, 22] Another cross-sectional study analyzing 567 adult-NAFLD patients proposed that subclinical (odds ratio [OR] = 2.1, 95% CI = 1.0-4.4) and clinical (OR = 3.6, 95% CI = 1.4-8.8) depression were associated with a significantly higher degree of hepatocyte ballooning. [23] In addition, a meta-analysis based on 166,631 individuals and a mean 9.5 years of follow-up, found a noticeable relationship between high psychological distress and liver disease mortality (HR = 2.59), especially in the subgroup of subjects with Table 1 Baseline characteristics of the study population and comparison between nonalcoholic fatty liver disease nononset group and the newonset group.
Total subjects (n = 2367) Nononsets (n = 1628) New-onsets (n = 739) P ALT = alanine aminotransferase, BMI = body mass index, BP = blood pressure, FPG = fasting plasma glucose, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, MetS = metabolic syndrome, ORQ = occupational roles questionnaire, PRQ = personal resources questionnaire, PSQ = personal strain questionnaire, TC = total cholesterol, TG = triglycerides.
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NAFLD. [24] There is also growing evidence that children and adolescents with NAFLD have a higher rate of psychological distress compared with healthy or obese controls. [25, 26] Furthermore, in the present research, occupational stress was demonstrated to be a risk factor for NAFLD among Chinese police officers.
Looking at various studies around the world, about 25% to 30% of police officers have a stress-related physical health problem, [27, 28] with an explanation that they are exposed to numerous types of risk factors including environmental stress, administrative pressure, rotating shifts, high work load, depression, less sleep, poor nutrition, and less physical activities. [29] [30] [31] A few studies have suggested that work stress is associated with higher prevalence of MetS in police officers who belong to a community with more adverse risk factors and higher mortality rates than the general population. [32] [33] [34] Hartley et al [27] also found a positive association between job stress and the number of MetS components. And a cohort study demonstrated that occupational stress was an independent predictor of diabetes. [11, 35] Additionally, NAFLD is a hepatic manifestation of MetS (i.e., associated with those traditional risk factors). [32, 36, 37] Thus, we further analyzed the association between occupational stress and NAFLD after adjusted MetS-related factors.
Compounding this issue is the well-known fact that physical activity has been one of the most important protectors against MetS and cancers worldwidely, [38] [39] [40] as well as a dose--dependent relationship between exercise and quality of life improvements. [41] [42] [43] In one study, Franke and Anderson [44] reported that exercise could reduce cardiovascular disease risk via modifying major risk factors in a law enforcement office population (>48 years of age). And Heneweer et al [39] suggested that better physical fitness can be helpful for the prevention of low back pain. In another study, Pollock et al [45] showed that middleaged police officers have lower levels of physical fitness and higher disease risk than younger police officers (<30 years old). Meanwhile, a 15-year cohort study has proved that physical activity in the early adulthood can predict the physical fitness of middle-aged police, [46] along with that police officers usually display high job-related physical activity levels and can complete all police tasks on their daily work. [39, 47, 48] However, there is a correlation between physical activity levels and police duties, which requiring different demands. [38] Ramey et al [49] also pointed that police officers tend to be less active on their work days than during off-duty hours. While in our current study, regular physical activity levels have no difference between NAFLD nononset and new-onset groups (P = 0.266). The explanation could be that we used self-reported physical activity questionnaires, which could be affected by self-images and have recall bias. Thus, further studies are required to investigate this factor in detail.
Another interesting result of our study was that occupational stress is more related with NAFLD in traffic police population. The rapid economic growth and massive transportation developments in modern China have been accompanied by increases in workloads, urbanization and automobile use, along with severe air pollution, and high traffic noise. [9] Additionally, the Chinese traffic police are a full-time traffic control staff and are exposed to air pollution and traffic noise almost every day. [9, 11] Mounting evidence has demonstrated that a heavy workload and high noise and air pollution cannot only damage people's physical and mental health but also mediate the pathogenesis of NAFLD via insulin resistance (IR), inflammation or oxidative stress (OS). [50, 51] Thus, we assumed that environmental factors might play a vital role in the association between NAFLD and occupational stress.
The mechanisms by which occupational stress affects NAFLD remain unclear and complex. Several plausible mechanisms have been proposed, including cytokine-related inflammation, activation of the hypothalamic-pituitary-adrenal axis, IR, OS, and several indirect mechanisms. [3, 52] First, cytokines such as interleukin-1, interleukin-6, and tumor necrosis factor-a have been postulated to be responsible for the changes in depression in inflammatory patients. [53] These cytokines, which have been demonstrated to be involved in the pathogenesis of NASH, [53, 54] can cause depressive symptoms by inducing dysfunctions in brain neurotransmission and a similar "sickness behavior" in a mouse model. [55, 56] Second, a growing body of evidence has suggested that depression can continuously activate and overstimulate the hypothalamic-pituitary-adrenal axis to increase cortisol secretion, which is associated with IR in the control of liver fat Bonferroni method was conducted for multiple testing. BMI = body mass index, BP = blood pressure, CI = confidence interval, FPG = fasting plasma glucose, HDL-C = high-density lipoprotein cholesterol, HR = hazard ratio, TG = triglycerides. accumulation. [24, 51] Guevara et al [57] also discovered that measurable changes in brain density were related to liver disease. Furthermore, some reports have revealed that depression and anxiety are potentially connected to IR, [7, 51] and higher OS markers were found in a group of patients with depression versus control subjects. [58] Third, according to the "multiple-hit" theory, IR and OS are involved in the process of NAFLD, [24] both of which can lead to greater accumulation of hepatic TG and disorders of lipid metabolism. [59] Another mechanism may involve a battery of unhealthy behaviors, such as excessive drinking, cigarette smoking, and overeating, which can be brought by occupational stress. [60] Subsequently, in parallel to these behaviors, serum leptin levels decrease and triglyceride levels increase, resulting in a high prevalence of NAFLD or other MetS. [60] 
Limitations
It is notable that our study examined whether occupational distress was correlated with NAFLD in a police population after adjusting for baseline demographic and socioeconomic variables, which could have clinical and therapeutic implications as well as provide further information to investigators about the underlying mechanisms.
However, there are several limitations of our research. First, the scale that was used in our study might be a crude measure, although has been validated for evaluating occupational stress.
[10] Additionally, we recorded OSI-R scores via questionnaires at baseline only, with no reassessments during the followup years. Second, considering the large sample size of our study, we utilized blood tests (based on ALT) and ultrasonography as screening tools, which were relatively sensitive, low cost, and widely available to all subjects. [61] However, the sensitivity was lower than that of liver biopsy, which is the "gold standard" for diagnosis of NAFLD. [61] Third, NAFLD had appeared to be associated with air pollution and traffic noise. [62] However, we did not obtain comprehensive nutrition and environmental monitoring data, regarding the nutritional status, air pollution status, and traffic noise levels, encountered by police officers. Thus, it is difficult to confirm the precise influence of nutrition and environmental factors on NAFLD and occupational stress. Lastly, the number of female police officers in our study is relatively small (n = 501) versus male officers (n = 6559) and the incidence of NAFLD in policewomen is also relatively low (5.6%), so we just analyzed and compared male data in the end. Table 3 Cox-regression analyses of T-scores associated with nonalcoholic fatty liver disease in all police officers. ACR and HCR = average and high coping resources, BP = blood pressure, CI = confidence interval, FPG = fasting plasma glucose, HDL-C = high-density lipoprotein cholesterol, HR = hazard ratio, LOS, NOS, MOS, and HOS = low, normal, moderate, and high occupational stress, LPS, NPS, MPS, and HPS = low, normal, moderate, and high personal strain, MetS = metabolic syndrome, MLCR = moderate lack of coping resources, ORQ = occupational roles questionnaire, PRQ, personal resources questionnaire, PSQ, personal strain questionnaire, SDCR = significant deficits in coping resources, TG = triglycerides. Model 1 adjusted = age, body mass index, marital status, educational level, smoking status, alcohol intake, and police assignments. Model 2 adjusted = all above covariates plus office work, working strength, and physical exercise. Model 3 adjusted = all above covariates plus metabolic abnormalities: central obesity, raised BP, elevated TG, reduced HDL-C, and raised FPG and MetS. Table 4 Cox-regression analyses of T-scores associated with nonalcoholic fatty liver disease among traffic officers. ACR and HCR = average and high coping resources, BP = blood pressure, CI = confidence interval, FPG = fasting plasma glucose, HDL-C = high-density lipoprotein cholesterol, HR = hazard ratio, LOS, NOS, MOS, and HOS = low, normal, moderate, and high occupational stress, LPS, NPS, MPS, and HPS = low, normal, moderate, and high personal strain, MetS = metabolic syndrome, MLCR = moderate lack of coping resources, ORQ = occupational roles questionnaire, PRQ, personal resources questionnaire, PSQ = personal strain questionnaire, SDCR = significant deficits in coping resources, TG = triglycerides. Model adjusted = age, body mass index, marital status, office work, working strength, educational level, smoking status, alcohol intake, physical exercise, metabolic abnormalities: central obesity, raised BP, elevated TG, reduced HDL-C, and raised FPG and MetS.
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Thus, we could not provide valuable conclusions about the female police population. In view of these limitations, more clinical and epidemiological studies are required to enrich and confirm our findings. In summary, this cohort study reveal that HOS and HPS are independent predictors of NAFLD in a Chinese police population, especially among traffic control police. Systematic investigations using more accurate and noninvasive imaging techniques are warranted to confirm our conclusions and to contribute to the development of more suitable treatments and psychological interventions for NAFLD and occupational stress, consequently elucidating the need for regular screening, healthy lifestyle modifications, and stress monitoring among occupational populations.
